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ABSTRACT

Objectives: Household contacts of confirmed cases of coronavirus disease 2019 (COVID-19) are
exposed to a high risk of viral transmission, and secondary incidence is an important indicator
of community transmission. This study analyzed the secondary attack rate and mRNA vaccine
effectiveness against transmission (VET) for index cases (patients treated at home) confirmed
to be infected with the Delta and Omicron variants.

Methods: The subjects of the study were 4,450 index cases and 10,382 household contacts.
Logistic regression analysis was performed to compare the secondary attack rate by
vaccination status, and adjusted relative risk and 95% confidence intervals were identified.
Results: The secondary attack rate of the Delta variant was 27.3%, while the secondary attack
rate of the Omicron variant was 29.8%. For the Delta variant, groups with less than 90 days
and more than 90 days after 2 doses of mRNA vaccination both showed a VET of 37%. For the
Omicron variant, a 64% VET was found among those with less than 90 days after 2 doses of
mRNA vaccination.

Conclusion: This study provides useful data on the secondary attack rate and VET of mRNA
vaccines for household contacts of COVID-19 cases in South Korea.

Keywords: COVID-19; Delta variant; Omicron variant; Vaccine efficacy; Vaccine effectiveness
against transmission

Introduction

A new variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was reported
to the World Health Organization (WHO) from South Africa in November 2021. This variant is
characterized by its potential immune escape and high transmission rate. The WHO designated
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this a variant of concern, naming it Omicron [1,2]. As of
April 1, 2022, the Omicron variant was further classified
as follows: BA.1.1.529, BA.1, BA.2, and BA.3 [3]. As of April 5,
2022, the Health and Safety Executive (UK) reported 1,125
cases of XE, a mix of the BA.1and BA.2 sub-variants [4].

In Korea, the first case of the Omicron variant was
detected on November 30, 2021 [5]. On January 24, 2022,
the predominant variant in Korea changed from the Delta
variant to the Omicron variant [6]. As of January 3, 2022,
83.0% of Korea'’s population had received vaccines against
coronavirus disease 2019 (COVID-19) [7].

A South African study reported that confirmed cases of
the Omicron variant increased by approximately 2-fold
compared with the previous number of confirmed cases
and that the basic reproduction number of the Omicron
variant could increase up to 4.2-fold compared with that of
the Delta variant [8]. A study conducted at 9 nursing homes
in Korea reported that the incidence rate of the Omicron
variant was 11.18-fold higher than that of the Delta variant
[9]. Previous studies have indicated that a reduction in
vaccine effectiveness (VE) due to immune escape may have
contributed to the higher incidence rates of the Omicron
variant [10,11]. Furthermore, previous studies have reported
that the vaccine effectiveness against transmission (VET)
was lower for the Omicron variant than for the Delta variant
[12,13].

Studies from the UK and Denmark have reported that
identifying VE and quantifying VET are essential for estimating
the transmission of new variants [14,15]. A recent study
conducted among 10 million inhabitants in Korea showed
the effectiveness of 3 doses of the mRNA vaccine against
infection [16]. The household contacts of confirmed cases
of COVID-19 are at a high risk of viral transmission [14]. In
the UK, the incidence rates of infected household members
increased concomitantly with the increased incidence
rate of confirmed cases of the Delta variant [17]. Thus, the
secondary attack rate (SAR) among household contacts is
an important indicator of community transmission [18].
This study aimed to identify the SAR and mRNA VET among
index cases (patients treated at home) with laboratory-
confirmed cases of the Delta and Omicron variants.

Materials and Methods

Participants

This study included 4,450 index COVID-19 cases with either
the Delta or Omicron variant, as confirmed by whole genome
sequencing (WGS) in the laboratory, and their 10,382
household contacts from June 25, 2021, to January 22, 2022.
Index cases were defined as those who had positive results

436

mRNA VE against SARS-CoV-2

on a SARS-CoV-2 polymerase chain reaction (PCR) test
and were being isolated and treated at home. Confirmed
cases were monitored for their health twice a day via phone
calls or a mobile phone application, and if necessary, they
had a telephone consultation and obtained a prescription
for medication. The household contacts of the index cases
were defined as those who were registered in the contact
management system of the Korea Disease Control and
Prevention Agency (KDCA).

When the Delta variant became predominant, household
contacts were isolated at home for 14 days from the last
day of contact with index cases, and they were required
to undergo PCR tests at a public health center when they
were made aware that they were contacts, if they became
symptomatic during isolation, and when they were released
from isolation [19].

When the Omicron variant became predominant,
household contacts were isolated at home for 10 days,
unless they met all of the following criteria at the time of
contact with index cases: (1) fully vaccinated at the time of
close contact; (2) asymptomatic; and (3) not residents, users,
or employees at high-risk facilities, such as long-term care
facilities. Household contacts had PCR tests at a public
health center near their jurisdiction on the day when they
became aware that they were contacts of COVID-19 cases
and 6 to 7 days after their last contact with confirmed index
cases [20]. Moreover, the staff of the public health center
educated all household contacts about home-quarantine
guidelines.

Data were obtained from a total of 44,573 index cases and
97,300 household contacts for analysis. Those who met the
following criteria were excluded: did not undergo a test for
a variant, had other variants, had incorrectly registered
information, had unidentifiable vaccination status (VS);
underwent a diagnostic test >15 days after the date when
the index case was diagnosed, and had non-mRNA vaccines
(Figure 1). VS was defined as at least 14 days having passed
after a certain number of vaccinations. All index cases
had received mRNA vaccines (Pfizer or Moderna) and the
duration post-vaccination was analyzed using a cut-off of
90 days after vaccination.

Data Sources

Data on home healthcare and WGS of index cases were
obtained from the COVID-19 patient management information
system of the KDCA. Information about household contacts
was obtained from the COVID-19 information management
system of the KDCA. Data on VS were obtained from the
COVID-19 vaccination system of the KDCA.

https://doi.org/10.24171/j.phrp.2022.0243



Hanul Park et al.

44,573 Index cases, 97,300 household contacts
June 25, 2021-January 22, 2022

Variant test not performed
38,888 Index cases, 84,466 Household contacts

WV

N/
5,685 Index cases, 12,834 household contacts

Other variants (Alpha and Beta)®
17 Index cases, 48 household contacts

WV

N
5,668 Index cases, 12,786 household contacts

Information error and VS cannot be checked
35 Index cases, 189 household contacts

A4

N
5,633 Index cases, 12,597 household cont

=15 days diagnostic days
58 Index cases, 62 household contacts

WV

N/
5,575 Index cases, 12,535 household contacts

Other vaccine (viral-vector and mixed)”
1,125 Index cases, 2,153 household contacts

WV

N
4,450 Index cases, 10,382 household contacts

Figure 1. Inclusion criteria for index cases and household
contacts in South Korea, June 25, 2021 to January 22, 2022.
a)Alpha: 15 index cases, 43 household contacts; Beta: 2 index cases, 5
household contacts. ®Viral-vector: 831 index cases, 1,574 household
contacts; mixed: 294 index cases, 579 household contacts.

VS, vaccination status.

Statistical Analysis

Descriptive statistics were used to analyze participants’
demographic characteristics and SAR, which were expressed
as percentages (%). Logistic regression analysis was performed
to compare the SAR according to the number of vaccine
doses, and the adjusted related risk (aRR) was estimated. In
an analysis model, sex, age, VS, and the diagnosis date of
index cases and household contacts were adjusted. A p-value
<0.05 was considered to indicate statistical significance, and
a 95% confidence interval (CI) was presented. All data were
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analyzed using the R software ver. 4.1.2 (The R Foundation,
Vienna, Austria).

IRB/IACUC Approval

Information about all study participants was obtained after
obtaining consent based on the Infectious Diseases Control
and Prevention Act. The present study was reviewed and
approved by the Institutional Review Board of the KDCA
(2022-05-02-PE-A).

Results

Of the total of 14,832 participants, 4,450 (30.0%) were index
cases and 10,382 (70.0%) were household contacts. Among
both index cases and household contacts, the proportion of
women was higher than that of men. The largest age group
among index cases was <19 years (40.7%), whereas 37.1% of
household contacts were in the age group of 30 to 49 years.
In terms of VS, unvaccinated status predominated among
the index cases, whereas the most common status among
the household contacts was 2 doses of an mRNA vaccine
(<90 days) (Tables 1, 2).

Among household contacts, 2,877 (27.7%) participants
were confirmed cases. The SAR of female index cases was
27.8%, which was higher than that of male cases. The index
cases aged 275 years showed the highest SAR (38.3%).
In an analysis of the index group according to VS, the
unvaccinated group showed the highest SAR (30.8%), and
the group that received the third dose of the vaccine showed
the lowest SAR (13.6%). The aRR was estimated to identify
risk factors for secondary transmission and the VET for
index cases. In terms of age, the aRR was 1.87 (95% CI, 1.23-
2.84) for individuals aged =75 years and 0.62 (95% CI, 0.54-
0.70) for those aged <19 years compared to the age group
of 30-49 years. In the association of VS with secondary
transmission, the aRR of 1 dose was 0.68 (95% CI, 0.54-0.87),
that of 2 doses (=90 days) was 0.56 (95% CI, 0.48-0.65), that
of 2 doses (>90 days) was 0.68 (95% CI, 0.58-0.79), and that
of 3 doses was 0.28 (95% CI, 0.18-0.46) compared to the
unvaccinated group.

Among the total of 4,450 index cases, 3,690 (82.9%) were
infected with the Delta variant, and they had 8,719 (84.0%)
household contacts. Among these, 2,382 confirmed cases
were found, corresponding to a SAR of 27.3%. The index
cases aged =75 years showed the highest SAR (38.2%). In an
analysis according to VS, the unvaccinated group showed
the highest SAR (30.2%), and the group that received the
third dose of the vaccine showed the lowest SAR (15.5%).
We estimated the aRR to identify risk factors for secondary
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Table 1. General characteristics of index cases in South
Korea from June 25, 2021 to January 22, 2022

mRNA VE against SARS-CoV-2

Table 2. General characteristics of household contacts in
South Korea, from June 25, 2021 to January 22, 2022

Characteristic Index case (%)

Total 4,450 (100)
Sex
Male 2,142 (48.1)
Female 2,308 (51.9)
Age (y)

<19 1,812 (40.7)

20-29 577 (13.0)

30-49 1,287 (28.9)

50-74 704 (15.8)

>75 70 (1.6)

Vaccination status

Unvaccinated 2,412 (54.2)

1 Dose 211 (4.7)
Viral-vector 0
MRNA 211 (4.7)

2 Doses 1,740 (39.1)
Viral-vector (<90 d) 0
Viral-vector (>90 d) 0
mRNA (<90 d) 917 (20.6)
mRNA (>90 d) 823 (18.5)
Mixed (<90 d) 0
Mixed (>90 d) 0

3 Doses 87 (2.0)

2 Viral+TmRNA 0
1 Viral+2 mRNA 0
3 mRNA (<90 d) 87 (2.0)

transmission and VET among index cases confirmed to
have the Delta variant. In terms of age, the aRR was 2.04 (95%
CI, 1.32-3.17) for individuals aged =75 years and 0.67 (95%
CI, 0.58-0.78) for those aged <19 years compared to the age
group of 30 to 49 years. The aRRs of 1 dose, 2 doses (<90
days), 2 doses (>90 days), and 3 doses were 0.70 (95% CI,
0.54-0.89), 0.63 (95% CI, 0.53-0.74), 0.63 (95% CI, 0.52-0.77),
and 0.41(95% CI, 0.19-0.87), respectively, compared with the
unvaccinated group.

Among the total of 4,450 index cases, 760 (17.1%) were
infected with the Omicron variant. They had 1,663 (16%)
household contacts, of whom 495 (29.8%) participants were
confirmed to have become infected. The SAR for female
index cases was 30.1%, which was higher than that of male
index cases. The index cases aged =75 years showed the
highest SAR (40%). Unvaccinated index cases showed the
highest SAR (36.7%), and patients who had received the
third dose of the vaccine showed the lowest SAR (12.6%). The
aRR was estimated to identify risk factors for secondary
transmission and VET among index cases confirmed to have
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Household contacts

Characteristic

Total (%) Confirmed (%)
Total 10,382 (100) 2,877 (100)
Sex
Male 4,872 (46.9) 1,299 (45.2)
Female 5,510 (53.1) 1,578 (54.8)
Age (y)

<19 2,524 (24.3) 929 (32.3)

20-29 911 (8.8) 181 (6.3)

30-49 3,853 (37.1) 1,045 (36.3)

50-74 2,753 (26.5) 634 (22.0)

>75 341(3.3) 88 (3.1)

Vaccination status

Unvaccinated 2,942 (28.3) 1,270 (44.1)

1 Dose 466 (4.5) 110 (3.8)
Viral-vector 28 (0.3) 6(0.2)
mMRNA 438 (4.2) 104 (3.6)

2 Doses 5,912 (56.9) 1,351 (47.0)
Viral-vector (<90d)  225(2.2) 68 (2.4)
Viral-vector (>90d) 734 (7.1) 207 (7.2)
mMRNA (<90 d) 2,961 (28.5) 606 (21.1)
mRNA (>90 d) 1,679 (16.2) 395 (13.7)
Mixed (<90 d) 81(0.8) 20 (0.7)
Mixed (>90 d) 232 (2.2) 55 (1.9)

3 Doses 1,062 (10.2) 146 (5.1)

2 Viral+1 mRNA 555 (5.3) 80 (2.8)
1 Viral+2 mRNA 108 (1.0) 13 (0.5)
3 MRNA (<90 d) 399 (3.8) 53 (1.8)

the Omicron variant.

The aRR was 0.44 (95% CI, 0.31-0.64) in the index cases
aged 20 to 29 years and 049 (95% CI, 0.35-0.67) in those aged
<19 years compared to the index cases aged 30 to 49 years.
In terms of the VS of index cases, the aRR was 0.36 (95% CI,
0.25- 0.51) in the group that had received the second dose
(=90 days) and 0.22 (95% CI, 011-0.42) in the group that had
received the third dose compared to the unvaccinated group.
In the Omicron group, the aRRs for those who had received
the first dose and the second dose >90 days ago were not
statistically significant (Figure 2; Table S1-S3).

Discussion

This study confirmed the SAR and VET for index cases
infected with the Delta or Omicron COVID-19 variants in
terms of transmission to their household contacts. The
SAR of index cases infected with the Delta variant was
27.3%, while that of index cases infected with the Omicron

https://doi.org/10.24171/j.phrp.2022.0243
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e Total
Index SAR cRR (95% CI) aRR (95% CI)

Sex E
Male 27.6 1.00 ) 1.00 (-) .
Female 27.8 1.01 (0.93-1.10) 0.99 (0.90-1.08) .

Age (y) |
<19 26.8 0.78 (0.70-0.86) 0.62 (0.54-0.70) .
20-29 227 0.63 (0.53-0.73) 0.77 (0.65-0.92) o)
30-49 32.0 1.00 =) 1.00 (=) o
50-74 253 0.72 (0.63-0.83) 0.92 (0.79-1.08) ot
75 38.3 1.32 (0.90-1.94) 1.87 (1.23-2.84) L—es

Vaccine status E
Unvaccinated 30.8 1.00 “) 1.00 (-) °
1 Dose, mRNA 24.9 0.75 (0.60-0.93) 0.68 (0.54-0.87) e
2 Dose, mRNA (s90) 222 0.64 (0.57-0.72) 0.56 (0.48-0.65) PO
2 Dose, mRNA (>90) 257 0.78 (0.69-0.88) 0.68 (0.58-0.79) o i
3 Dose, MRNA (<90)  13.6 0.35 (0.23-0.55) 0.28 (0.18-0.46) —.— !

01 03 1.0
9 Delta variant

Index SAR cRR (95% CI) aRR (95% CI)

Sex E
Male 27.3 1.00 =) 1.00 (-) ¢
Female 27.3 0.99 (0.91-1.10) 0.97 (0.88-1.07) -

Age (y) i
<19 26.4 0.80 (0.72-0.90) 0.67 (0.58-0.78) e
20-29 243 0.72 (0.60-0.86) 0.90 (0.74-1.10) o
30-49 30.8 1.00 =) 1.00 (-) o
50-74 24.9 0.75 (0.64-0.87) 0.98 (0.82-1.17) e
>75 38.2 1.39 (0.94-2.06) 2.04 (1.32-3.17) L e

Vaccine status E
Unvaccinated 30.2 1.00 ) 1.00 (-) .
1 Dose, mRNA 24.1 0.73 (0.59-0.92) 0.70 (0.54-0.89) —.—i!
2Dose, mRNA (s90) 225 0.65 (0.59-0.76) 0.63 (0.53-0.74) ot
2Dose, mRNA (>90)  22.2 0.66 (0.57-0.77) 0.63 (0.52-0.77) e
3 Dose, MRNA (<90) 155 0.42 (0.21-0.86) 0.41 (0.19-0.87) — !

01 03 1.0
0 Omicron variant

Index SAR cRR (95% CI) aRR (95% Cl)

Sex E
Male 29.4 1.00 =) 1.00 (-) ¢
Female 30.1 1.04 (0.84-1.28) 1.06 (0.84-1.33) .

Age (y) ;
<19 29.9 0.72 (0.56-0.92) 0.49 (0.35-0.67) —.—
20-29 18.8 0.39 (0.28-0.54) 0.44 (0.31-0.64) —e—
30-49 37.3 1.00 =) 1.00 (-) .
50-74 27.9 0.65 (0.46-0.93) 0.68 (0.46-1.01) —e—i
>75 40.0 1.12 (0.19-6.78) 3.07 (0.41-22.96) ——

Vaccine status |
Unvaccinated 36.7 1.00 “) 1.00 (-) )

1 Dose, mRNA 342 0.90 (0.45-1.80) 0.73 (0.36-1.50) e
2 Dose, mRNA (s90)  20.7 0.45 (0.33-0.61) 0.36 (0.25-0.51) e '
2 Dose, MRNA (>90)  32.1 0.82 (0.64-1.04) 0.73 (0.53-1.01) —e—i
3 Dose, mRNA (s90) 126 0.25 (0.14-0.45) 0.22 (0.11-0.42) P '
01 03 10 30
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Figure 2. Adjusted relative
risks (aRR) by sex, age and
vaccination status of index
cases in South Korea, from
June 25,2021 to January
22,2022. (A) Total, (B) Delta
variant, (C) Omicron variant.
SAR, secondary attack rate;
cRR, crude attack rate; Cl,
confidence interval.
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variant was 29.8%. Among the index cases infected with
the Delta variant, the VET was approximately 37% in cases
who had received the second dose and approximately
59% in those who had received the third dose compared to
the unvaccinated group. Among index cases infected with
the Omicron variant, the VET was approximately 64% in
those who had received the second dose (<90 days) and
approximately 78% in those who had received the third
dose compared to the unvaccinated group. Our results can
be used as evidence on the SAR and VET for household
contacts of index cases infected with the Delta or Omicron
variant in Korea, supporting the evidence from previous
international and domestic studies.

Our study confirmed that the SAR of the Omicron variant
was approximately 2.5 percentage points higher than that
of the Delta variant. Since the first confirmed case of the
Omicron variant, the number of confirmed cases has been
rapidly increasing [6]. Our study results are in accordance
with the findings of studies conducted in other countries
that the emergence of the Omicron variant led to a more
rapid increase in the number of confirmed COVID-19 cases
than observed with the Delta variant [8,21]. Previous studies
have reported that the SAR for the Delta variant was 11%
to 36% [15,22,23], while the SAR for the Omicron variant
was 51% to 52.7% [23,24]. The SAR for the Delta variant was
approximately 1.7-fold higher than that of the Alpha variant
[17], and SAR for the Omicron variant was approximately
1.41- to 1.48-fold higher than that of the Delta variant
[23,25]. According to a meta-analysis that summarized 54
studies of secondary transmission to household contacts
from October 2020 to June 2021, the factors affecting the
increased SAR included the development of diagnostic tools,
improvements in diagnostic procedures, and an increase in
the viral transmission of variants as the COVID-19 pandemic
continued [26]. Considering that only a laboratory of the
KDCA could identify the Omicron variant until December
30, 2022 in Korea [27], the SAR of the Omicron variant in the
community may have been much higher than indicated by
our study results.

In our study, the SAR for index cases aged <19 years with
the Delta or Omicron variant was approximately 33% or 51%
lower, respectively, than that noted for patients aged 30 to
49 years. This is similar to a previous study's result, wherein
the SAR for adults was approximately 2.2-fold higher than
that for children [28]. Our study results may be related to the
lower rate of vaccination among those <19 years during the
time when the Delta variant became predominant in Korea
[7]. Similarly, in the present study, the SAR for Delta variant-
infected index cases aged =75 years was approximately
2.04-fold higher than that for cases aged 30 to 49 years. A
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previous study reported that the SAR for cases aged 70 to 79
years and =80 years was higher than that of the cases aged
30 to 39 years, which was similar to the result of this study
[25]. As age increases, individuals tend to spend more time
at home. Thus, the household contacts of index cases were
more likely to be exposed to the virus for a longer period.
Furthermore, these findings could support the hypothesis
that exposure to a high viral load for a long period is associated
with a high incidence rate [29].

Our study estimated and compared the SAR among
household contacts according to the number of vaccine
doses received by the index cases. The SARs of the Delta and
Omicron variants were 30.2% and 36.7%, respectively, for
unvaccinated index cases. A previous study reported that the
SARs of the Delta and Omicron variants among household
contacts were 38% and 57%, respectively, for unvaccinated
index cases, which was higher than our study results [23].
The SAR of the Omicron variant was 1.51-fold higher than that
of the Delta variant. In addition, another study that estimated
the SAR of the Omicron variant according to the number of
vaccine doses reported higher SARs for unvaccinated index
cases than for vaccinated cases (second and third doses),
consistent with the results of the present study [24].

In the present study, statistically significant VET was
shown in the mRNA-vaccinated group compared to the
unvaccinated group. Index cases with the Delta variant
who received 2 doses of mRNA vaccine within <90 days
or >90 days showed a VET of 37%, while index cases with
the Omicron variant who received a dose of mRNA vaccine
within <90 days showed a VET of 64%. A Norwegian study
of the Delta variant reported that the VET in index cases who
received the second vaccine dose was 37% regardless of the
type of vaccine when compared to the unvaccinated group
[23]. A Danish study reported a VET of 42%, which is similar
to the results of the present study [15].

Furthermore, the present study confirmed the VET in index
cases who had received the third dose of mRNA vaccine
(within =90 days) compared to the unvaccinated group.
The VET among index cases infected with the Delta and
Omicron variants was 59% and 78%, respectively. Previous
studies have reported reduced VE against the Omicron
variant due to immune escape [10-12]. A study conducted
in Colombia reported that the odds ratio for 3 doses of
mRNA vaccines versus unvaccinated status was 0.33 for the
Omicron variant and 0.065 for the Delta variant, confirming
VE [13]. A Korean study reported VE in individuals aged
260 years who received 3 doses of mRNA vaccines [16]. VE
has been reported in those who received 3 doses of mRNA
vaccines, but further studies on VET should be conducted.
The present study results support the findings of other

https://doi.org/10.24171/j.phrp.2022.0243
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studies that a third dose can enhance humoral immunity
due to antibody boosting [30,31]. A previous study reported
that the risk of infection increased beyond 90 days after
receiving an mRNA vaccine [32]. Further studies on VET by
the type of the vaccine and the duration post-vaccination
should be conducted.

This study has some limitations. First, since tests to identify
the variants were not carried out in all confirmed cases
in South Korea, representativeness might be a concern.
However, to ensure the representativeness of participants, we
carried out tests to identify the variants using randomization.
Second, despite frequent household contacts, infection risk-
related factors such as the number of rooms in a house,
compliance with face mask-wearing, and the degree of physical
distancing were not adjusted because no information was
available on these variables.

Supplementary Material

Table S1. Secondary attack rates and adjusted relative risks
by sex, age and vaccination status of index cases in the South
Korea; Table S2. Secondary attack rates and adjusted relative
risks by sex, age and vaccination status of index cases with
Delta variant in the South Korea; Table S3. Secondary attack
rates and adjusted relative risks by sex, age and vaccination
status of index cases with Omicron variant in the South
Korea. Supplementary data are available at https://doi.org/
10.24171/j.phrp.2022.0243.
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